We tested the hypothesis that the original surgeon-investigator classification of a fracture of the distal radius in a prospective cohort study would have moderate agreement with the final classification by the team performing final analysis of the data. The initial post-injury radiographs of 621 patients with distal radius fractures from a multicenter international prospective cohort study were classified according to the Comprehensive Classification of Fractures, first by the treating surgeon-investigator and then by a research team analyzing the data. Correspondence between original and revised classification was evaluated using the Kappa statistic at the type, group and subgroup levels. The agreement between initial and revised classifications decreased from Type (moderate; Κ type =0.60), to Group (moderate; Κ group =0.41), to Subgroup (fair; Κ subgroup = 0.33) classifications (all p<0.05). There was only moderate agreement in the classification of fractures of the distal radius between surgeon-investigators and final evaluators in a prospective multicenter cohort study. Such variations might influence interpretation and comparability of the data. The lack of a reference standard for classification complicates efforts to lessen variability and improve consensus.
Introduction
The intra-and interobserver reliability of fracture classifications are typically evaluated by having a few surgeons and surgeons-in-training evaluate radiographic studies and apply a classification. The overall kappa values for interobserver reliability of the classification of fracture of the distal radius according to the Comprehensive Classification of Fractures (CCF) range from slight to moderate agreement 0.37 to 0.60 [1, 6, 7] . Andersen [1] noted decreasing Kappa values from classification at the Type (0.64), Group (0.30), SubGroup (0.25) level. Kreder [7] also described kappa values decreasing with more detailed classification. It is recognized that the observer variability noted in these studies will have an effect primarily on the comparability of various scientific investigations rather than on the care of specific patients [1] . A large prospective cohort study of fractures of the distal radius provided us with an opportunity to compare the classifications of the surgeon-investigators providing the initial care for the patients (and based upon radiographic and interoperative evaluation) with the consensus reclassifications of a group of researchers collating the data for final analysis. Our hypothesis was that there would be moderate correlation at best between the original surgeon-investigator classification and the revised classification by the data analysis team.
Materials and Methods
The immediate post-injury radiographs of 621 patients with distal radius fractures enrolled in a prospective cohort study approved by our Human Research Committee were classified according to the Comprehensive Classification of Fractures [10] . First, by the treating surgeons and study participants (original classification), and then by a research team analyzing the data (revised classification). The research team was initially blinded to the ratings of the original surgeon-investigators.
The Comprehensive Classification of Fractures
The Comprehensive Classification of Fractures, commonly known as the AO classification, was created in 1986 [10] . It is one of the most comprehensive and commonly used classification systems available. The classification is arranged in order of increasing severity according to the complexities of the fracture, difficulty of treatment and worsening prognosis. It consists of three main groups; types A, B, and C. Type A indicates extra-articular fractures; type B, partial articular fractures; and type C, complete articular fractures. Division in fracture type, group, and subgroup results in 27 fracture patterns. Both observers graded every distal radial fracture for three categories: group, type, and subgroup. Diagrams of the classification system were available during each grading.
Statistical Analysis
Correspondence between original and revised classification was evaluated using Cohen's kappa. The kappa coefficient is a commonly used statistic measure of inter-rater agreement for qualitative (categorical) items since its introduction by Cohen in 1960 [1] . The kappa value is a chance-corrected measure of agreement comparing the observed measure of agreement with the level of agreement expected by chance alone [11] . Kappa values have been arbitrarily assigned to subdivisions [8] , with values of 0.01 to 0.20 indicating slight agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, substantial agreement; and more than 0.81, almost perfect agreement. Significance of difference were considered when upper and lower boundaries of the respective 95% confidence interval did not overlap [5] . Zero indicates no agreement and 1.00 represents perfect agreement. Statistical analysis was performed using the SPSS software package (version 16.0).
Results
According to the original classification by the treating study surgeons there were 250 Type A, 45 Type B, and 290 Type C fractures. According to the revised classification, there were more Type A (261) and type B (49) fracture and fewer Type C (275) fractures (Fig. 1 ). Interobserver agreement for Type level was moderate (Κ type =0.60), then decreased when the classification was expanded to Group and Subgroup grading. Interobserver agreement for Group level was moderate (Κ group = 0.41) and Subgroup was fair (Κ subgroup =0.33). All kappa values were significant (p< 0.05; Table 1 ).
Discussion
There are many classification systems for fractures of the distal radius, but few that are as detailed and comprehensive as the Comprehensive Classification of Fractures (CCF). The Comprehensive Classification of Fractures was developed for use in research and based on a large prospectively collected database [10] . As with most classification systems, the CCF was not validated prior to adoption [4, 9] . Unreliable classification systems may bias a study and limit comparability with other studies [2] .
This study confirms the Comprehensive Classification of Fractures is most consistent among observers at the Type level, with more limited reliability at the Group and Subgroup levels. The experience in a prospective cohort study was comparable to those with a simulated research cohort [1, 3, 6] . The observation of only moderate agreement in the execution of a prospective multicenter cohort study demonstrates the importance and potential influence of the observer variability in fracture classification.
The strengths of this study include the large number of fractures, classification by multiple experienced surgeons in various parts of the world (greater external validity/ reflective of actual practice), and prospective data collection with monitoring by study representatives. Most importantly, we have looked at variations in fracture classification where it may matter most; in the performance of prospective research. Shortcomings include the fact that, in essence, we are comparing only two reviewers or reviewing teams. It is also important to be mindful that we did not have a reference standard for assessing accuracy of classification, so we do not know that the consensus repeat classification was any better than the initial investigator classification.
The lack of a reference standard for classification complicates efforts to lessen variability and improve consensus. Nevertheless, the external validity and repro-ducibility of scientific investigations of fractures should be enhanced by using fracture characteristics or classifications with optimal reliability among observers. It is not clear if the moderate agreement observed with the AO classification in this and other studies is sufficient.
In our opinion, the agreement of different observers will always be limited due to differences in training, experience, and other factors. Rather than attempting to be comprehen-sive, it may be preferable to adopt the practical and perhaps more realistic goal of developing simple, reliable, clinically meaningful classification systems for use in clinical research.
Acknowledgments The authors did not receive grants or outside funding in support of their research for or preparation of this manuscript. They did not receive payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity 
